Remarks 

The Applicants have amended the Specification and Abstract to place them into contem- 
porary form for examination and to correct minor grammatical and idiomatic errors. The Claims 
have been cancelled and a new set of Claims 4-12 have been added. Examination on the merits is 
respectfully requested. 

Respectfully submitted, 

T. Daniel Christenbury 
Reg. No. 31,750 
Attorney for Applicants 

TDC:lh 
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Description 



Method for controlling bright annealing furnace 

Technical fleld 

[0001] 

Th e pr e sent The invention relates to method of controlling the generation of white 
powder within a bright annealing furnace. 



Backgroundn\i4 

[0002] 

White ash particles, often referred to as "white powder," are normally generated 
within a bright annealing furnace, when a heat-treated steel strip, such as stainless steel strip 
or the like, is heat treated in the intemal furnace environment which is not to oxidize the 
surface of the strip. 
[0003] 

A large volume of white powder easil voften accumulates in the cooling zone of the 
annealing furnace and inside of a cooler for cooling a furnace environment gas. Continuous 
operation of the furnace over a long period of time results in making the thermally low 
conductive white powder accumulate in and adhere to the cooler and/or other related 
mechanisms, thus inhibiting the performance of the cooler. A larg e LarRe amounts of cooling 
water hashave been used in an attempt to solve the problem^-bu t. Howeven this has been 
found not to be the desired solution due to limitations on pump capacity. 
[0004] 

Moreover, because the hardness of the white powder is greater than that of the heat 
treated steel strip, there are cases where the steel strip is damaged as a result of excessive 
pressure resulting from the accumulation of the white powder on the skin-pass roller. This 
can adversely affect the quality of the finished product. 
[0005] 

Therefore, the white powder adversely affects the cooling performance of the bright 

annealing furnace and also has the potential to degrade the quality of the finished product. 

Thus, even though the bright annealing fiimace is correctly installed and operated, it has been 
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found necessary to periodically conduct Sie-maintenance by lowering the temperature and 
opening the furnace for the sole purpose of cleaning out the accumulated white powder. 
[0006] 

The skin-pass rollers m«stare also be-removed, polished, and re-installed when this 
type of maintenance is conducted. Moreover, even though a reducing gas of hydrogen and 
nitrogen is injected into the internal fumace environment while the furnace is operating, the 
gradual release of oxygen atoms makes it difficult to set the residual oxygen concentration to 
the required value when the gas is re-injected into the fumace environment, since the internal 
environment is oxidized by the opening operation of the fumace for the-maintenance. The 
operating yield of the bright annealing fumace is also significantly reduced because the 
fumace cannot be operated while the aforesaid maintenance is being conducted. 
[0007] 

As noted above, a conventional bright annealing fumace exhibits the shortcoming of 
generating a white powder which makes it difficult to maintain the cooling performance of the 
fumace, reduces production efficiency due to the periodic maintenance required to remove the 
white powder (during which the fumace may not be operated), and adversely affects the 
quality of the finished product. As a result of these shortcomings, it is desirable that a 
method of reducing the generation of white powder is invented. 
R e fer e nc e Document 1 Japan e s e unexamin e d pat e nt publication No. 10 7262 4 

Disclo s ur e of th e Inv e ntion 
Shortcomings in the Prior Art 

[0008] 

Th e inv e ntor, having analyz e d th e composition of th e whit e powd e r g e nerat e d within 
a bright annealing fumac e us e d for mass production annealing (h e r e aft e r referr e d to as a 
production fumac e ), bas e s th e pr e s e nt inv e ntion on th e discov e ry that th e main component of 
th e whit e powd e r is a larg e volume of a boron oxide compound. — In regard to the process 
through which the boron oxid e is gen e rat e d, the inv e ntor conclud e s, bas e d on his r e s e arch, 
that th e g e n e ration of the boron oxid e r e sults from a relationship b e twe e n th e boron in th e h e at 
treated stool strip and the residual oxygen and water within th e fumac e . — Th e refor e , if the 
generation of boron oxide can be suppressed, the pr e viously noted problems relating to tho 
g e n e ration of whit e powd e r can b e e ss e ntially e liminat e d. 
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[0009] 

Th e pr e s e nt invention, which has b ee n made possibl e as a result of th e inventor's 
s tudy of th e prior art t e chnology, has the purpos e of suppr e ssing th e g e neration of whit e 
powder within a bright annealing flimaco. 

Means of Resolving Shortcoming s in the Prior Ar t Summarv 

[0010] 

selected aspect relates to a method for controlling a^bright annealing fumace 
invention compris e s a step that c omprising establishing a partial pressure of the-steam of th e 
internal e nvironm e nt within the fumace g e n e rating the boron oxide is establish e d at less than 
about 1 X 10"^ to suppress generation of boron oxide . Mor e sp e cifically, it is preferabl e 
tha tin another aspect, the partial pressure of the steam is established at a value less than about 
1x10'^ by lowering athe dew point of the intemal fumace environment. 
[0011] 

It is pr e f e rably to The method can also include a process wherein a gas having a 
hydrocarbon component is introduced into the intemal environment of the bright annealing 
fumace to reduce athe water vapor pressure to a value of less than about 1 x 10"^ by lowering 
the dew point of the intemal environment within the fumace. 
[0012] 

It is pr e f e rably to The method can further include another process wherein a chemical 
compound having a carbon component is introduced into the intemal environment of the 
bright annealing fumace to reduce the water vapor pressure to a value of less than about 1 x 
10"^ by lowering the dew point of the intemal environment within the fumace. 
Brief Description of the Drawings 
[0013] 

Fig. 1 is an EUingham diagram showing the Gibbs standard generated free energy 
AG^ of the boron oxide, the causative agent of the white powder. 
[0014] 

Fig. 2 is a logarithmic graph showing the relationship between the partial pressure of 
methane, carbon monoxide, and steam at 1 .400K. 



3 



Effect of the Invention 

[0015] 

Th e pres e nt invention providoG a m e thod through which tho generation of boron 
oxide may bo GuppresGod, the boron oxido boing th e causativ e agent of th e whit e powd e r. 
B es t Mode for Carr>ing out the Invention Detailed Description 
[0016] 

Th e following doGoribes variouG e mbodim e ntG of th e bright annealing furnace control 
method inv e ntion with r e f e renc e to th e attach e d drawingG> — The invention has r e sult e d from 
an und e rstanding of th e r e asons for th e g e n e ration of larg e amounts of white powd e r that 
coll e ct and adhoro to inside of a bright ann e aling fumac e of tho typo whoro stainless st ee l and 
oth e r lik e substances are heat treated in a int e rnal environm e nt which is not to oxidize 
s urfac e s of th e substanc e s, and is thuG able to effectively Guppress gen e ration of th e white 
power. 
[0017] 

It will be appreciated that the following description is intended to refer to specific 
embodiments of the invention selected for illustration in the drawings and is not intended to 
define or limit the invention, other than in the appended claims. 
[0018] 

We analyzed the composition of the white powder generated within a bright 
annealing fumace used for nlass production aimealing (hereafter sometimes referred to as a 
"production fumace"") and discovered that a main component of the white powder is a large 
volume of a boron oxide compound. In regard to the process through which the bom oxide 
is generated, we believe that generation of the boron oxide results from a relationship between 
boron in the heat treated steel strip and residual oxvgen and water within the fumace. 
Therefore, we believed that, if generation of boron oxide can be suppressed, the previously 
noted problems relating to generation of white powder can be essentially eliminated. 
[0019] 

AnalvGi G Our analysis of the components of the white powder that has collected in 
production flimaces up to the present time has determined that the main component of the 
white powder is a large amount of boron oxide component. In pursuing the source of the 
boron generating the boron oxide, it became apparent that the volume of boron in a steel strip 
before heat-treating was different than the volume after heat-treating. In other words, it was 
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observed that there was a reduction in the amount of boron in the steel strip after the heat 

treating process was completed in the furnace. 

[0020] 

In ord e r to To determine the release and dispersion tendencies of boron in steel sheets, 
it was we conducted a test to heat the steel sheet to 1,000°C in a hydrogen environment. In 
the case when.hydrogen was obtained from a hydrogen cylinder wa sand introduced to this test 
environment, no release or dispersion of boron was observed. The dew point of the heating 
environment in a general bright aimealing furnace extends from -30°C to -40°C. Using the 
hydrogen from the hydrogen cylinder resulted in the dew point falling below -60^C , thus 
Thus, the temperature was much lower than that encountered in a production fumace. 
[0021] 

The results of this test demonstrated that (I) the steam partial pressure was lowered 
due to the low dew point, and (2) there was no oxygen source from which the boron could be 
oxidized. There are not anvn o residual water component aadnor oxygen to react with the 
boron in the heat-treated steel strip, thus resulting in no release and dispersion of boron. 
[0022] 

Current production furnaces do not meet these conditions. In other words, the 
inventor hasw e determined that the internal environment of a-commonly used bright annealing 
furnaces hashave a high dew point and residual water and oxygen component within the 
fumace, and these factors whieh-result in the oxygen reacting with the boron within the heat 
treated steel strip. Boron oxide, which is the base substance of the white powder, is thus 
generated. 
[0023] 

Taking these facts into consideration, the inventor was able to creat e th e inv e ntion by 
d e ducin g we deduced that it would be advantageous to lower the dew point in the intemal 
fumace environment. In other words, it would be beneficial to lower the partial pressure of 
the steam within the intemal fumace environment. 
[0024] 

Although the inv e ntion proves e ffectiv e by simply low e ring the d e w point, 
IheF eThere are two methods by which thi slowering the dew point can be achieved[[;]]i_ (1) 
introducing a gas having a hydrocarbon component or (2) adding a chemical compound 
having a carbon component, to the intemal fumace environment. 
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[0025] 

Due to the fluid state of the gas having a hydrocarbon component, the gas may be 
easily injected into the internal furnace environment without regard as to the type of furnace 
being used, thus making the invention appropriat e and applicable to various types of bright 
annealing fumaces. In cases where a solid chemical compoxmd having a carbon component 
is used, the chemical compound may simply be placed in the heating region of the bright 
annealing fiimace when inspection or maintenance work is conducted. The methods 
specified by the invention are thus easily applied to a bright annealing fiimace. 
[0026] 

Fig. 1 is an Ellingham graph showing the Gibbs standard g e n e rat e d free en e rgy AG^ 
of th e boron oxide which is th e main component of the white powd e r. — Fig. 2 is a logarithmic 
graph of a first e mbodiment below showing the relationship b e tw ee n th e partial prosGuros of 
m e thane, carbon monoxide, and stoam at 1,1 OOK. 



Fir s t Embodimcn t ExampIe One 

[0027] 

The following will explain th e method throug h one way in which the gas having a 
hydrocarbon component is introduced to the intemal oven environment. Any number of 
different gas introduction methods may be used. A reaction similar to that noted below is 
thought b elieved to occur as a result of the hydrocarbon reacting with a minute amount of 
water (H2O) and oxygen (O2) residing within the bright annealing fumace. Explaining the 
reaction with methane (CH4) as an example, decomposed CH4 becomes carbon (C), and the 
H2O is converted into carbon monoxide (CO) and hydrogen (H2) as a result of an oxidation 
and reduction reaction. 
[0028] 

{Formula 1} 



CH4+— 0 2^CO+2H2 Ki 



H2+ — Oz-^HzO 



K2 = 



[CH4][02]^/^ 

[H20] 

[H2][02]^/^ 



P(CO) ' P(H2)^ 
PCCHO • P(02)^^^ 
P (HeO) 

P(H2) • P(02)^^^ 



(1) 



(2) 



CH4 + H20-^CO+ 3 H2 



•*(l)-(2) 
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In this reaction, Ki and K2 are equilibrium constants. Moreover, partial pressure P 
(H2) is unrestricted at a value near 1 due to the approximately 100% concentration of H2 in the 
internal environment of the bright annealing fumace. Even if the furnace operates with an 
internal environment other than pure H2 (75% H2, 25 % N2, for example), the nitrogen (N2) is 
not involved in the reaction. Also, of all components, the H2 component comprises almost 
the entire environment. Thus, if error is taken into consideration, partial pressure P (H2) may 
be considered as 1 (as in the following). 
[0029] 

With partial pressure P (H2) being 1, converting equations (1) and (2) in Formula 1 
above results in Formula 2 below. 
[0030] 

{Formula 2} 



K P (CO) „ ^ P (H2O) 

P(CH4) • P(02)^/^ ^ PCOz)^/^ 

from which the following is derived. 

[0031] 

{Formula 3} 

Ki P (CO) 

"k7 ~ P (CHO • P (HzO) =const (at constant temperature) -.(3) 

[0032] 

For a typical temperature up to 1,120°C in a production fumace (reference taken as 
the highest temperature of the material in the fumace in Fig. 1), the Gibbs standard generated 
free energy AG^ of the boron oxide shown in the Fig. 1 EUingham diagram demonstrates that 
it possible to effectively suppress flie-generation of boron oxide if P (H2)/P (H2O), which is 
steam partial pressure P (H2O) in a 1 to 1 ratio with the dew point, is above 
approximat e l v about 1 x 10^. Therefore, equation 3 shows that, in regard to random 
methane partial pressure P (CH4) as shown in Fig. 2, the reduction of carbon monoxide 
partial pressure P (CO) has the effect of reducing steam partial pressure P (H2O) to a point 
below 1x10"^ which thus makes it possible to suppress the generation of boron oxide. 
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[0033] 



Therefore, by lowering the dew point through the introduction of a 
hydrocarbon-containing gas into the internal environment of a bright annealing furnace, it 
thus becomes possible to essentially suppress the-generation of the causative agent of the 
white powder. 

Second Embodimcn t Example Two 



The following will describe a method of introducing a chemical compound having a 
carbon component into the annealing fumace. The reaction is described using a solid state 
carbon (C) as the chemical compound. A carbonate, such as barium carbonate (BaCOs), and 
a^solid carbon are placed in the annealing fumace to induce a reaction similar to a solid state 
carburizing process. 
[0035] 

{Formula 4} 

BaC0 3^BaO+C02 . 

C (solid) + C O 2-^ 2 C O 



[0034] 



CO+ -^02->C02 



...(4) 



[0036] 



{Formula 5{ 



The following (equation 5) is derived from equation 4. 



C (solid) + 



1^ 

2 



02->C0 K3 = 



P (CO) 



-(5) 



P(02)^ 



[0037] 



{Formula 6\ 



Equation 6 is derived from equation 5 and the previously noted K2 to obtain 
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K3 _ P (CO) ^ ^ 

"k7" ~ p (H2O) ~ ^ • 6 5X10 (temperature at 1400K) (6) 



[0038] 

For a typical bright annealing furnace temperature up to 1,120°C, the Gibbs standard 
generated free energy AG° of the boron oxide shown in the Fig. 1 EUingham diagram shows 
that it is possible to effectively suppress the-generation of boron oxide if P (H2)/P (H2O), 
which is steam partial pressure P (H2O) in a 1 to 1 ratio with the dew point, is above 
approximatel y about 1 x 10^. Therefore, equation 6 demonstrates that the reduction of 
carbon monoxide partial pressure P (CO) has the effect of reducing steam partial pressure P 
(H2O) to a point below 1 x 10'\ thus making it possible to suppress the generation of boron 
oxide. 
[0039] 

Therefore, by lowering the dew point through the— introduction of a chemical 
compound having a carbon component into the internal environment of a bright annealing 
furnace, it becomes possible to essentially control #ie-generation of the causative agent of the 
white powder. 



Brief Description of the Drawing s 

[0040] 

Fig. 1 is an EUingham diagram showing the Gibbs standard g e n e rat e d fr e e e n e rgy 
AG ^ of the boron oxid e , th e causative agent of tho white powder. 

Fig. 2 is a logarithmic graph show^ing th e r e lationship botw^con the partial pr e ssure of 
m e than e , carbon monoxide, and stoam at 1,400K. 
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